A total of 137 strains of Pasteurella multocida isolated from the nasal tracts of pigs with and without clinical atrophic rhinitis (AR) were studied for their biochemical, antigenic, and toxigenic characteristics. There were no major biochemical differences among the P. multocida isolates. Capsular antigen types A and D were both present in the nasal cavities of the pigs with or without clinical AR. However, the prevalence of type D was higher on farms with pigs with AR. Types A and D with different somatic antigens could both be present in the same pig. There was no correlation between somatic types and/or capsular types with the clinical AR status of the pigs on the farm. Toxigenic isolates were found only in pigs which had a problem of clinical AR, and a great majority of these isolates belonged to type D. Since there was a high level of heterogeneity of the strains in the P. multocida population on a farm, several strains should be characterized before the diagnosis of AR could be excluded on the basis of the absence of isolation of rhinopathogenic P. multocida strains.
Pasteurella multocida is often isolated from the nasal cavities of piglets from farms that have pigs with or without clinical signs of atrophic rhinitis (AR). AR is present in a large number of pig farms in Quebec. Since the work of De Jong et al. (7) , several workers have demonstrated that only certain strains of P. multocida are associated with AR and that rhinopathogenicity is linked with the presence of a dermonecrotoxin (8, 16, (18) (19) (20) . The studies described here were carried out in order to ascertain whether P. multocida strains with only certain patterns based on antigenic and toxigenic characteristics are associated with clinical AR.
MATERUILS AND METHODS
Collection of nasal secretions. Nasal swabs (Calgi swab type 1 Inolex) were used to collect the nasal mucus from 4-and 8-week-old piglets. The nasal swabs were introduced into the piglet's nasal cavities as far as possible and were then placed in 2 ml of transport medium containing 50% fetal calf serum (Difco) in phosphate-buffered saline solution (pH 7.3; Oxoid). The samples were kept on ice during transport and, on the same day, were examined by culture for the presence of P. multocida.
Isolation of P. multocida. Two methods were used for the isolation of P. multocida; one used a selective culture medium and the other used inoculation of P. multocida into mice. Blood agar medium (tryptose soy agar [Difco] containing 5% bovine blood) was initially used for the isolation of P. multocida. Later, it was replaced by the media described by Smith and Baskerville (24) and Knight et al. (14) .
Mice were used for the isolation of P. multocida by the method reported by Pedersen and Barfod (18) . A 0.5-ml portion of transport medium containing nasal secretion was injected directly into one young adult Swiss albino mouse by the intraperitoneal route. The mice that died within 7 days of inoculation were autopsied, and their livers were examined for the presence of P. multocida by culture of liver samples on blood agar. Both selective culture media as well as mice were used to isolate P. multocida.
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Selection of the isolates. P. multocida colonies were selected on different media according to their morphological characteristics. A maximum of two isolates were selected from each piglet, and a maximum of 20 isolates from each farm were kept. A total of 266 isolates were conserved, of which 137 isolates were studied for their biochemical, antigenic, and toxigenic characteristics. Isolates were thus obtained from 89 pigs on nine farms with pigs with clinical signs of AR and from 48 animals on eight farms with pigs without any clinical signs of AR.
Rapid identification of isolates. Initially, the isolates were rapidly identified as P. multocida by using the minimum number of necessary characteristics. Isolates which were gram-negative, nonmotile, small rods that were unable to grow on MacConkey agar and that were positive for oxidase and indol were identified as P. multocida.
Conservation of the isolates. P. multocida isolates were conserved by the desiccation method of Gherna (9) by using sterile disks of 6.5 mm in diameter (Can Laboratories).
Biochemical characterization. A total of 137 isolates were subjected to a battery of different biochemical tests in order to characterize them in detail. The following tests were used: production of urease; nitrate reduction; decarboxylation of ornithine; and utilization of various sugars such as arabinose, glucose, glycerol, lactose, maltose, mannose, sorbitol, trehalose, and xylose. The production of urease was determined on Christensen's medium (urea agar base; Difco). Decarboxylation of ornithine was evaluated by using Moeller decarboxylase broth medium (Difco), and utilization of sugars was tested in phenol red broth medium (Difco). After inoculation, the media were incubated aerobically at 37°C. The readings were taken after 24 h for all tests. A second reading was taken after 48 h only for tests with sugars which were negative after the first reading. Results were interpreted according to the recommendations of MacFaddin (15 (ii) Determination of somatic antigens. The somatic antigen groups of the isolates were determined by the immunodiffusion test (11 (11) .
P. multocida strains were tested for somatic group antigens by an immunodiffusion test by using 0.9% special Noble agar (Difco) dissolved in 8.5% sodium chloride solution (11) .
Toxigenic characterization. The production of dermonecrotoxin by P. multocida isolates was determined by using a guinea pig skin test as described by De Jong et al. (7) . Briefly, each isolate was cultivated in brain heart infusion broth and centrifuged. The supernatant was sterilized using a 0.22-,um-pore-size Millipore filter. A 0.2-ml portion of the filtrate was injected intradermally into the shaved skin of an adult guinea pig. Six to eight samples were tested for dermonecrotoxin production on a single guinea pig. Readings were taken 3 days after injection. Positive and negative controls were always used.
RESULTS
Biochemical characterization. All 137 isolates tested were positive for glucose, mannitol, and sorbitol utilization and nitrate reduction. They were all negative for lactose and maltose utilization and urease production. One isolate was positive for arabinose utilization, 28 were positive for glycerol utilization, 135 were positive for xylose utilization, and 8 were positive for trehalose utilization. Only two isolates were negative for ornithine decarboxylation. Finally, 11 isolates were considered biovariants which did not form a predominant group on any of the farms (data not shown).
Antigenic characterization. (i) Capsular antigens. All except eight isolates examined in this study were (ii) Somatic antigens. P. multocida isolates were classified into six serogroups on the basis of somatic antigens. The majority of the isolates tested belonged to serotypes 3 and 16 and were found in pigs on 76% of the farms examined. Most of the nontypeable strains were also isolated from farms with pigs with clinical AR. Generally, the strains isolated from any one farm belonged to more than one serogroup (Table 1) .
Toxigenic characterization. Toxigenic strains of P. multocida were isolated from pigs on five of nine farms with pigs with clinical AR and from none of the farms with pigs which were free of AR. Thirty-eight percent of all strains isolated from pigs on farms that had pigs with clinical AR were toxigenic. The prevalence of the toxigenic strains on five farms with pigs that were clinically affected by AR varied from one farm to another, ranging from 18 to 100%. Only one isolate belonging to type A was recognized as toxigenic. None of the isolates from pigs on four farms that had pigs with clinical AR was toxigenic, even though type D isolates were found on these farms (Table 2) . 3,16) , representing 15% of the isolates. These two patterns were found on farms with pigs with and without clinical AR. However, 15% of the total isolates were type D toxin positive (type 3,16) and were isolated only from farms with pigs with clinical AR (Table 2 ).
DISCUSSION
Results of biochemical characterization of the P. multocida isolates were in accordance with those reported by various workers (10, 12, 25) . Most of the isolates possessed similar biochemical profiles except for their reactions in glycerol. Because the glycerol utilization test in particular is difficult to read and interpret, it is not certain whether results of this test represented true variation among the strains. It is emphasized that most of the biovariants were isolated from pigs on four farms.
Characterization of the strains on the basis of their capsular antigens did not permit us to demonstrate any association with clinical AR or the predominance of one type over the other. Both type A and D strains were present in the nasal cavities of the pigs from farms with pigs with or without clinical signs of AR. These results are similar to those reported by Soderlind and Bergstrom (26) and Sawata et al. (21) . Characterization of the strains on the basis of their somatic antigens revealed a high level of heterogeneity among the isolates. At least a dozen somatic serogroups were present in isolates from pigs on farms in Quebec. Serogroup 3 was most commonly found in association with serogroup 16 but not with serogroup 4 or 5, as reported by Backstrom et al. (1) . Toxigenic isolates were found only on farms with pigs with clinical AR, and most of these isolates belonged to capsular antigen type D (Table 2) . However, the frequency of isolation of toxigenic isolates was much less in the current studies than has been reported elsewhere. The high frequency of isolation of toxigenic isolates reported by Pedersen (17) , Schoss and Thiel (22) , Schoss et al. (23) , and Hoffman et al. (13) could be due to the increased severity of AR in pigs on the farms that they studied. Bechmann and Schoss (2) studied 548 strains of P. multocida isolated from tonsillar and nasal swabs collected from 468 piglets on 30 farms with pigs that were completely free of clinical AR. They reported that most of the isolates belonged to capsular antigen type D, and none of the isolates produced exotoxin in cell cultures. Cowart et al. (6) cultured nasal swab and lung samples from 163 pigs on nine farms representing various levels of AR for Bordetella bronchiseptica and P. multocida. Toxigenic type D strains of P. multocida were isolated from nasal swabs of only seven pigs (4%) and from cultures of a lung sample from only one pig. Somatic serovar 3 was found in 93% of the nasal isolates and in all lung isolates. Serovars 4, 5, 7, and 12 were found in low numbers, either alone or in combination with serovar 3. They further reported that somatic serovars showed no relationship with either capsular antigen serotype or pathological findings.
On the basis of the overall results of the characterization studies of P. multocida, it was interesting to find such a great heterogeneity among P. multocida isolates. As shown in Table 2 , at least 15 different patterns were found, and 89 isolates coming from farms with pigs with clinical AR could be grouped into 12 different patterns and 48 isolates from farms with pigs without AR could be grouped into 7 patterns. It is possible that each pattern may represent one strain. Most of the farms had between three and six strains with different patterns. Pigs on 11 of 15 farms from which a minimum of two isolates were found harbored strains with more than one pattern. Thus, the results of this study provide strong evidence that several isolates must be characterized in order to exclude the possibility of AR on a farm on the basis of the absence of isolation of rhinopathogenic strains of P. multocida.
